Background: Colorectal cancer (CRC) incidence and mortality rates are higher in African-Americans as compared with other racial/ethnic groups. The women's health initiative (WHI) study sample was used to determine whether differences in CRC risk factors explain racial/ethnic differences in incidence and mortality.
Introduction
Colorectal cancer (CRC) is the third leading cause of new cancer and cancer death in the United States accounting for 70,480 incident cases and 24,790 deaths among women in 2010 despite overall trends toward decreasing rates in the United States (1) . Several studies have reported differences in CRC incidence rates by race and ethnicity, and have consistently shown higher incidence among African-Americans (2-5) and lower incidence among Hispanics (2-4; 6;7). In fact, CRC incidence and mortality rates are the highest in African-American women compared with other racial and ethnic groups. Less information is available on CRC incidence among Asian/Pacific Islanders or Native Americans (5;7;8) . In order to optimize cancer control efforts, it is important to develop a better understanding of the factors associated with racial and ethnic variation in CRC incidence and mortality.
In addition to race/ethnicity, patient related factors have been associated with an increased risk of CRC, among these are a history of inflammatory bowel disease (IBD) (9) , type II diabetes (10) , obesity (11;12) , lack of physical activity (13) , low fiber diet (14) , cigarette smoking (15) and alcohol consumption (16) . Use of nonsteroidal antiinflammatory drugs (17) , oral contraceptives (18) , estrogen, and progesterone therapy (19) ; calcium (20) ; vitamins B12, C, E, and selenium (21) have been associated with lower CRC risk. Further, health systemlevel factors such as regular screening by fecal occult blood testing (FOBT), sigmoidoscopy or colonoscopy also have a protective impact on CRC incidence and mortality (22) , although significant racial and ethnic disparities exist in CRC screening (23) (24) (25) (26) . Data using the North Carolina Cancer Case Control Study database (NCCCS) have shown African-American:White differences in the distribution of known CRC risk factors (27) (28) (29) (30) (31) ; however to our knowledge, no study has evaluated the effect of differences in risk factor distribution on racial and ethnic differences in CRC incidence and mortality.
The hypothesis behind this analysis is that racial and ethnic differences in CRC incidence and mortality could potentially be attenuated by adjustment for differences in the distribution of both patient-level factors such as age, education, health insurance status, and health systemlevel factors such as medical care utilization and screening. The women's health initiative (WHI) provides a robust database to explore racial and ethnic differences in cancer rates in a large multicenter population of postmenopausal women for which adjudicated cancer outcomes and robust risk data is available to evaluate these associations more comprehensively. The large sample size allows for more complete comparisons across racial and ethnic groups beyond most studies that limit the focus to a comparison of African Americans and Whites alone.
Materials and Methods

Study population
The WHI is a multi-center longitudinal study consisting of an observational study (OS) and randomized clinical trial (CT) components. The WHI design and recruitment methodologies have been previously described (32) (33) (34) (35) . The major goals of the WHI were to evaluate the health associated effects, including CRC incidence, of hormonal therapy (HT) [estrogen (E) plus progestin(P) or estrogen(E) alone], dietary modification (DM), and calcium plus vitamin D supplementation in postmenopausal women. Of note, none of these interventions were associated with a significant reduction in CRC risk (36) (37) (38) . The WHI recruited women who were between the age 50-and 79 years at screening from 40 clinical centers across the United States and were eligible for participation if they were in general good health, with a life expectancy of greater than 3 years and provided written informed consent. Women were offered enrollment in the OS if they were not interested in being randomly assigned, if they were ineligible for a CT, or were directly recruited. The WHI was approved by the human subjects' committee of each participating institution prior to consenting of participants. Women in the WHI were actively recruited to the trial from 1993 through 1998 and then after informed consent were followed for an additional 5 years in an extension study.
There were 161,808 participants enrolled in either the WHI OS (N ¼ 93,676) or CT (N ¼ 68,132) components of the WHI between October 1, 1993, and December 31, 1998. Of these, 2,262 (1.4%) had incomplete information on race or ethnicity. An additional 947 (0.6%) reported a past history of CRC and 1,591 (1.0%) had an unknown history of CRC leaving 157,008 women in the analytic cohort.
Baseline data collection
Women identified their race or ethnicity by selecting from among six categories listed on the U.S. Census at the time of the initiation of the study including: White, Black/African American, Hispanic, American Indian/ Alaskan Native (Native American), Asian/Pacific Islander, or other. Baseline self-administered questionnaires were used to collect additional information on demographics and medical history including a personal history of colon polyps and polyp removal, family history of CRC in a 1st or 2nd degree relative, history of comorbid medical conditions (hypertension, stroke, and coronary heart disease), medical care utilization (current health care provider, last medical visit within one year), screening history (hemoccult stool tests, rectal exams, and sigmoidoscopy or colonoscopy), personal habits including smoking and alcohol use, and physical activity. Dietary intake was assessed by a validated, self-administered semiquantitative food frequency questionnaire (FFQ). The WHI FFQ resulted in estimates of nutrient intake similar to those obtained from short-term and more precise measurements including 24-hour dietary recall and four-day food records (39) . Anthropometric measurements were used to assess body mass index (BMI) calculated as weight/ height (kg/m 2 ), and waist circumference (cm). Information about use of postmenopausal hormone therapy (E plus P and E alone), oral contraceptives, medications, and dietary supplements was collected during in-person interviews. Cancer-screening information was updated annually.
Follow-up and colorectal cancer ascertainment
Cancer diagnoses were elicited annually in the OS and semiannually in the CT by mailed or telephone questionnaires. Participant self-reports or next-of-kin (proxy) reports of CRC cancer events were verified by centrally trained physician adjudicators at the WHI Clinical Centers after review of medical records and pathology reports using the Surveillance, Epidemiology, and End Results (SEER) coding system. The follow-up period for these analyses was through August 14, 2009 with an average follow-up time of 10.7 years (S.D. 2.9 years, range up to 15.6 years). Average follow-up time for whites was 10.9 (2.8), African-Americans 9.9 (3.2), Hispanics 9.4 (3.3), Native Americans 9.7 (3.3), and Asian/Pacific Islanders 9.8 (3.0) years. We excluded cancers with the following histologies: adenocarcinoma occurring in the setting of polyposis coli (1); malignant carcinoid tumor (15) , neuroendocrine carcinoma (9) ; infiltrating ductal carcinoma, not otherwise specified (NOS) (2), medullary carcinoma, NOS (1) and malignant melanoma, NOS (2) . Cancer site was classified as proximal (cecum, ascending colon, hepatic flexure, and transverse colon), distal (splenic flexure, descending colon, and sigmoid colon), and rectal (rectosigmoid junction and rectum).
Statistical analysis
Association of each variable with race/ethnicity was calculated using c 2 tests for categorical variables or twosample t-tests for continuous variables. Cox proportional hazards regression was used to compute hazard ratios (HRs) and 95% confidence intervals (CIs) for the incidence of invasive CRC by race or ethnicity as well as the mortality from CRC by race. A number of models were developed for the main analyses. The first (model 1) was adjusted for age both as a categorical (50-59, 60-69, and 79-79) and as a continuous variable, and stratified on WHI trial randomization and extension study participation (yes vs. no). WHI trial randomization refers to whether the participant was randomized to E-alone active; E-alone placebo; EþP active; EþP placebo; DM control-no HT trial; DM intervention-no HT trial; or OS.
Subsequent models were adjusted for patient level and health system-level factors that affect CRC risk including model 1 plus the following groupings of variables: education [less than HS diploma/general education degree (GED); HS diploma/GED]; diabetes (yes; no); lifestyle factors [BMI in kg/m 2 (< 25; 25-< 30; 30), physical activity in metabolic equivalents (METs)/week (0 to < 3.0; 3.0-11.75; > 11.75), smoking (never, past, and current) as well as pack years of smoking (never; < 5; 5 to < 20; 20) and current alcohol use (none; < 1 drink/week; 1-7 drinks/wk; 7 drinks/week)]; nonsteroidal anti-inflammatory drug (NSAID) use and duration (none; < 2 years; 2 years); dietary factors [total dietary energy (kcal), fiber (grams), red meat and fruits and vegetables (median number of servings/day); total calcium intake mg/day (< 400; 400 to < 800; 800 to < 1200; 1200)]; CRC risk factors and screening [history of colon polyp removal (yes; no), family history of CRC (yes; no), the occurrence of colonoscopy, sigmoidoscopy, or flexible sigmoidoscopy ever (yes; no); and duration of prior menopausal E alone or E þ P use in years (none; < 5; 5 to < 10; 10). The effect of race/ethnicity was then assessed with Wald c 2 statistics after incorporation of each of these groupings. Ageadjusted and fully-adjusted time-dependent Cox models were used to examine the effect of colon screening during the study, where any report of colon screening (rectal exam, hemoccult guaiac, colonoscopy, sigmoidoscopy, flexible sigmoidoscopy, or barium enema x-ray), was incorporated on a yearly basis.
Due to small numbers, similar analyses looking at proximal, distal and rectal cancer, death from CRC and death from any cause after invasive CRC diagnosis were restricted to Whites and African-Americans. Hazard ratios for death from any cause after invasive CRC were further adjusted for invasive CRC tumor characteristics at the time of diagnosis. Cox analyses assessing evidence for interaction of race or ethnicity with age at diagnosis, type of insurance, and CRC screening included all adjustments from the fully-adjusted model, as well as the main effects of these variables and their interaction term with race/ethnicity. Wald c 2 tests were used to assess the statistical significance of these terms.
Invasive CRC tumor characteristics were examined among all race and ethnic groups. Due to small numbers, differences by race and ethnicity were compared only for White and African-American women with c 2 or Fisher Exact tests. Associations of each characteristic with race or ethnicity were tested, as well as whether information for each characteristic was missing. All analyses were carried out using Statistical Analysis Systems (SAS) for Windows, version 9.2. A significance level of 0.05 was used to determine the significance of all P-values.
Results
The analytic cohort was comprised of 131,481 (83.7%) Whites, 14,323 (9.1%) African-Americans, 6,362 (4.1%) Hispanics, 694 (0.4%) Native Americans, and 4,148 (2.6%) Asian/Pacific Islanders. Table 1 shows demographic, health, and lifestyle characteristics of women participating in the WHI CT or OS by race and ethnic group. Due to the large sample size, all tests of association between risk factors and race or ethnicity were statistically significant with a P-value < 0.001. Compared with Whites and Asian/Pacific Islanders, African-American, Hispanic, and Native American women were younger, had less education, less private insurance, higher prevalence of diabetes, and were more likely to be obese (Table 1) . Whites and Asian/Pacific Islanders were more likely to have higher levels of physical activity and whites had higher consumption of alcohol than any other group. Asian/ Pacific Islander and Whites were more likely to have used E alone or E plus P hormone therapies and for longer durations of time. Whites and Asian/Pacific Islanders were also most likely to have undergone colon-screening studies with about 1/3 having colonoscopy or sigmoidoscopy and over 1 / 2 having FOBT within the past 5 years. In contrast, Hispanics were least likely to have been screened with almost 2/3 never having a colonoscopy or sigmoidoscopy, and nearly 44% never having FOBT despite a mean age of 60 years at the time of study enrollment.
During a mean follow-up through August 14, 2009, of 10.8 years (SD 2.9), there were 1,971 new cases of invasive CRC. The racial/ethnic distribution of CRC cases consisted of: 85% White, 9.9% African-American, 2.5% Hispanic, 0.4% Native American, and 2.1% Asian/Pacific Islander (Fig. 1 ). CRC incidence rates were highest among African-Americans (annualized percent 0.14%), followed by Whites and Native Americans (both at 0.12%), Asian/ Pacific Islanders (0.10%), and Hispanics (0.08%). After adjusting for age and cohort membership, invasive CRC hazard ratios varied by race and ethnicity, P ¼ 0.03 (model 1). Hispanics had a significantly lower risk of Table 2 shows details from models showing the addition of groupings of potential confounding variables. In these models, lifestyle factors (BMI, physical activity, smoking and alcohol consumption) seem to have the largest impact on racial/ethnic differences in CRC risk with the greatest reduction in risk for AfricanAmericans. Other variables that had a significant impact on racial/ethnic differences in CRC risk included dietary factors, total calcium intake, and use of hormone therapy.
Because of the small sample size among the ethnic groups, table 3 lists the distribution of CRC incidence rates by tumor location as well as the distribution of death due to CRC for White and African-American race only. Proximal CRC was slightly more common among African-Americans compared with Whites. After adjustment for age and cohort membership, the HR for proximal tumors was statistically significantly greater than 1.00 for African Americans, HR ¼ 1.25 (95% CI: 1.02-1.54), P ¼ 0.03 (Model 1), although after multivariable adjustment (Model 2), whereas the risk of CRC for African-Americans remained elevated, it was no longer statistically significant, P ¼ 0.21. The overall rates of distal and rectal cancer were lower than for proximal cancer with no significant racial differences. There were also no significant racial differences in death due to CRC. We examined the possibility of an interaction between CRC risk by race with insurance status (private vs. Medicaid, Medicare, and no insurance), screening history (colonoscopy or sigmoidoscopy in the past 5 years versus none) and age group (50-59, 60-69, and 70-79) for Whites and African-Americans and no significant differences were detected. An additional time-dependent analysis incorporating additional colon-screening data evaluated on a yearly basis, over the course of the study provided a consistent overall reduced risk in Hispanics and elevated nonsignificant risk in African Americans (data not shown). Table 4 shows CRC tumor characteristics by race and ethnicity for all women in the WHI. Significance testing was only done for Whites and African Americans because of low numbers in other race and ethnic groups. The majority of the tumors were staged as localized or regional and there were no statistically significant differences in the distribution of tumor characteristics between White and African American women. Although not statistically significant, Whites had a greater percentage of poorly differentiated or anaplastic tumors. There were no significant differences in either crude or covariate-adjusted mortality rates between African-Americans and Whites among those diagnosed with CRC (P-value ranged from 0.06 to 0.65 in three separate models; data not shown).
Discussion
As reported by the American Cancer Society in 2010, CRC incidence rates were highest among African-Americans in the United States (52.6 per 100,000), compared with Whites (43.2), American Indians/Alaskan Natives (41.2), Asian-Americans/Pacific Islanders (35.4) and Hispanics/Latinos (32.8) . Similarly, mortality rates due to CRC were highest among African-Americans (22.4 per 100,000) compared with Whites (15.3), American Indians/Alaska Natives (14.2), Hispanics/Latinos (10.8), and Asian-Americans/Pacific Islanders (10.2) (1). Our results, using data specific to the WHI cohort corroborate those of SEER. We found that the crude CRC incidence was highest among African-American women compared with women from other racial/ethnic groups. We also showed higher rates of proximal CRC among African-Americans. In contrast, Hispanic women had the lowest incidence of CRC. After adjustment for age and trial participation, the risk of CRC was marginally although not significantly greater for African-Americans than Whites. This relationship was further attenuated after multivariable adjustment suggesting that in the WHI, White: African-American differences in risk thought to be associated with race, can be explained at least in part by patient characteristics especially including Figure 1 . Hazard ratios for invasive colorectal cancer (annualized%) by race and ethnicity (Model 1 is adjusted for age and stratified on WHI trial and extension study participation. Model 2 is adjusted for age, education, diabetes, body mass index, physical activity, smoking, alcohol use, NSAID use, total dietary energy, dietary fiber, red meat, fruits and vegetables, total calcium intake, prior colon screening, history of colon polyp removal, family history of colorectal cancer, and prior menopausal hormone use and stratified on WHI trial and extension study participation; Model 2 has a lower Akiaike Information Criteria (AIC) (28994.379) than the AIC for model 1 (37860.387) which indicate a better fit with model 2.) lifestyle factors such as BMI, physical activity, smoking, and alcohol as well as other health system related factors. Among Hispanic women in fact, the multivariable adjustment increased the difference in risk, suggesting that there are other un-measured factors, which influence risk in Hispanic women. We found no significant differences in risk for women of Native American or Asian/Pacific Islander origin a result likely explained by the smaller sample in these subgroups.
Our results are consistent with other population based studies that have shown higher CRC incidence rates among African Americans (2-6) compared with other groups (40) . It is possible that the difference in CRC risk between African-Americans and Whites in the WHI is not as striking as seen in other studies because of the restricted characteristics of women who self-selected for participation in a longitudinal clinical trial and observational study as well as perhaps by differences in health status of women who choose to enroll. This may also explain the lack of racial/ethnic differences in tumor characteristics such as stage and tumor grade. In fact, compared with other samples, a relatively large percentage of WHI women report advanced education and had regular access to healthcare including cancer screening. The lack of racial/ethnic cancer mortality differences in the WHI may be explained by similar stage of disease at diagnosis, a factor influenced by screening.
Likewise the lower CRC risk seen among Hispanics in the WHI is consistent with findings from other studies (2-4;6;7). Among Hispanics, CRC risk seems to vary by country of origin. Compared with non-Hispanic Whites, higher incidence rates are seen for Cuban Americans, whereas lower incidence rates are seen among Mexicans and New Latina (defined as Central or South American origin) (4). Ecologic trends are also reported for Hispanic immigrants to Florida, with higher rates reported for each immigrant group of Hispanics compared with rates seen in their countries of origin (4), suggesting an environmental or cultural effect related to immigration. Lower rates of CRC diagnoses among Hispanic women may be explained by lack of acceptance of CRC screening in that community, which is supported by lower rates of screening sigmoidoscopy, colonoscopy, and FOBT among Hispanic women in the WHI. However, adjustment for screening as well as other patient related and health systems related variables in our analysis did not attenuate the difference in risk between Hispanics and Whites. It is possible that lower CRC rates seen among Hispanics in the WHI may be a result of other sociocultural (diet, hormone use, parity, etc) or genetic differences inherent in the multifaceted Latino community which we were either not able to assess, or were minimally assessed in the WHI.
Less information is available on CRC incidence among other racial or ethnic groups (5;7;8). In a study of CRC in Hispanics, Native Americans and non-Hispanic Whites using the New Mexico Cancer Registry, CRC incidence decreased between 1969 and 1994 among non-Hispanic Whites, however incidence rates increased among Table 2 . minority women with the greatest increase seen for rectal cancer among Native American women during the same time period (7) . In a report from the North American Association of Central Cancer Registries (NAACR), CRC incidence rates were significantly lower for Asian Pacific Islanders compared with Whites and African-Americans across all anatomic subtypes, except for rectal cancer where incidence rates were higher among Asian/Pacific Islanders (5). CRC incidence among Hmong immigrants to California was also lower compared with non-Hispanic whites and Asian/Pacific Islanders (8) . The current report adds information to the literature on CRC rates among Native Americans and Asian Pacific Islanders; however, the contribution of these ethnic groups to the study population was relatively low limiting our ability to make definitive statements on risk in those groups particularly in relation to rectal cancer specifically. While regular screening by FOBT, sigmoidoscopy or colonoscopy have been shown to have a significant protective impact on CRC incidence and mortality (41), significant racial differences exist in the use of these potentially life-saving measures (23; 24; 26) . Use of FOBT (23) and screening colonoscopy (24) are less prevalent among African-Americans compared with Whites. In the annual report on the status of cancer in the United States, Whites were more likely than Asian/Pacific Islanders to have used FOBT within the past year (22% vs. 17%) and more likely to have undergone endoscopy in the past 5 years (41% vs.36%). In a study of temporal trends within 19 cancer registries, individuals residing in poorer communities with decreased access to medical care did not experience the same reduction in CRC incidence that has been seen in more affluent communities (42) . In addition, whereas endoscopy usage in these communities increased over time for Whites, lower screening rates were noted for Hispanics and African-Americans which was associated with residence in counties with higher poverty rates, lower levels of health insurance, and fewer primary care providers. In the WHI, minority women were less likely to have had screening endoscopies and FOBT, and Hispanics had especially low rates of both procedures. On one hand, screening is likely to have a multiphase influence on CRC incidence with less screening leading to less CRC detection in the short-term, on another hand differences in CRC incidence and mortality in the WHI was not influenced by differences in screening and less screening had no apparent impact on the lower incidence of CRC seen among Hispanics.
National statistics suggest racial and ethnic differences in CRC mortality (6), though we were only able to analyze cancer specific and overall survival differences for African-American and White women in the WHI because of a low number of cases seen in other racial and ethnic groups. Within our cohort, we did not find significant differences in cause specific or overall survival. The lack of differences in CRC mortality in the WHI cohort may be a result of a selected population of women who have relatively equal access to medical care as participants in a large clinical trial, combined with the comparatively uniform tumor characteristics when these variables were compared between races.
The strengths of this study include the large cohort size and well-developed, robust, and validated database of potential covariates that allowed us to study women from a number of different racial and ethnic groups. Limitations include the fact that the majority of study participants were relatively well educated limiting the generalizability of the findings, the lack of additional information on women of Hispanic origin such as country of origin, and the fact that the contribution of some of the racial/ethnic subgroups was small. In addition, a majority of the covariates assessed were self-reported.
In conclusion, African-American/White differences in postmenopausal CRC risk are likely due to sociodemographic or sociocultural factors although no clear determination was made about why CRC risks were lower among Hispanic women. Our data suggests that there are a number of modifiable exposures that could be a focus for reducing the risk of CRC especially in African-Americans.
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